Objectives. Episodic memory is impaired in amnestic mild cognitive impairment (aMCI), which is posited as a potential prodromal form of Alzheimer's disease. Reactivated existing memories become sensitive to modification during reconsolidation. There is evidence that the lateral prefrontal cortex (PFC) plays causal role in episodic memory reconsolidation. Transcranial direct current stimulation (tDCS) applied to the PFC after a contextual reminder enhanced episodic memory performance up to one month, conceivably through reconsolidation, in older adults with subjective memory complaints, a condition that may represent a "pre-MCI" stage.
transgenic model mice showed that disrupted reconsolidation might be involved in AD-related memory dysfunction (Ohno, 2009 ).
The main focus of this pilot study was whether active relative to sham tDCS applied over the PFC after a contextual reminder cue would enhance episodic memory in older adults with aMCI as measured by recall and recognition both after 48 hours and one month after the learning session.
As done in a previous study (Manenti et al., 2017) , participants learned a list of 20 words on Day 1. 24h later (Day 2), tDCS (anode over left lateral PFC, cathode over right supraorbital area) was applied shortly after a contextual reminder cue. Memory retrieval was tested 48 hours (Day 3) and one month (Day 30) after the learning session (Day 1).
Based on our previous tDCS work showing enhancement in recognition memory up to one month in older adults with SMC (Manenti et al., 2017) , we hypothesized that active tDCS would enhance recognition memory up to one month relative to the sham tDCS in older adults with aMCI.
Methods

Participants
Between January 2017 and April 2018, older adults with aMCI were recruited at the MAC Memory Center of IRCCS Fatebenefratelli of Brescia (Italy). All participants were living independently in the community at the time of their baseline evaluation and were followed up annually during at least the 2 years before the recruitment in the present study.
The sample size calculation was based on our previous study using the same paradigm in SMC (Manenti et al., 2017) with an effect size of 1.49 (Cohen's d) for memory recognition performance (hits-false alarms rate) at Day 30, a significance level (α) of 0.05 and power (1-β)=80
(two-tailed independent t-test). The estimated sample size was nine participants for each group.
The sample included eighteen older adults (mean age 75.3 ± 3.7 years; mean education level 7.7 ± 3.3 years; mean monitoring period prior inclusion 37 ± 11 months) fulfilling the Petersen (Petersen, 2004) criteria for aMCI. All of the participants had normal or corrected-to-normal vision, (Calabria et al., 2011) . Functional abilities were evaluated using basic (BADL) and instrumental activity of daily living (IADL) scales (Katz, 1983; Lawton & Brody, 1988) . Depression was assessed by the 30-item version of the Geriatric Depression Scale (GDS -Yesavage et al., 1983) and anxiety by the State-Trait Anxiety Inventory (STAI -Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) .
Neuropsychological assessment
In addition to clinical and functional assessments, all participants were tested at inclusion by a standardized neuropsychological battery. Cognitive tests were selected to assess a broad range of Making Test part A and part B for attention and executive function, Auditory Verbal Learning Test over right supraorbital area) or b) sham tDCS. The tDCS group assigned to each participant was obtained by stratified randomization according to MMSE and age. Stratified randomization is achieved by generating a separate block for each combination of covariates and participants are assigned to the appropriate block of covariates by a researcher blinded to the study aims. Details of the allocated group were given on cards contained in sequentially numbered, opaque and sealed envelopes.
The study protocol was executed with no changes from the beginning.
tDCS
A tDCS stimulator (BrainStim, EMS, Bologna, Italy) delivered constant low intensity (1.5 mA) current for 15 minutes through two saline-soaked sponge electrodes (7 cm x 5 cm, current density: 0.043 mA/cm 2 ) (Antal et al., 2017; Bikson et al., 2016) . The electrodes were secured using elastic bands, and to reduce contact impedance, an electroconductive gel was applied under the electrodes before the montage (Manenti et al., 2013; Sandrini et al., 2014; Sandrini et al., 2016) .
Active or Sham stimulation mode was selected by entering different codes so that the experimenter that applied tDCS did not know the type of stimulation applied.
The targeted region was the PFC: the anode electrode was placed over F3 (left lateral PFC) and the cathode electrode was located over Fp2 (right supraorbital) according to the 10-20 EEG international system as in previous studies (Manenti et al., 2013; Sandrini et al., 2014; Sandrini et al., 2016) . The anode was placed over F3 with the long side parallel to the sagittal line, while the cathode was positioned above the arcus superciliaris on the right with the long side of the rectangular pad parallel to the horizontal line (DaSilva, Volz, Bikson, & Fregni, 2011) .
See Figure 1 for a graphical representation of the computerized modeling of tDCS-induced current flow in the brain (Soterix Medical https://soterixmedical.com). In the Active tDCS, the current was applied for 15 minutes (with a ramping period of 10 seconds (s) at the beginning and at the end of the tDCS session). In sham tDCS condition, the current was turned off 10 s after the beginning and was turned on for 10 s at the end of the stimulation period so that the participants could not distinguish between Active and Sham stimulation (Manenti et al., 2013) . Sensations induced by tDCS were assessed immediately after the stimulation session. Perceptual sensations induced by the active and sham tDCS conditions were assessed with standardized questionnaire developed by Fertonani, Ferrari and Miniussi (2015) . Participants were asked to evaluate the intensity of seven perceptual sensations (i.e. itching, pain, burning, heat, pinching, iron taste, fatigue) on a 5-pointscale (0=none, 1=mild, 2=moderate, 3=considerable, and 4=strong). This questionnaire provides an evaluation of the general perceived discomfort induced by tDCS. The total score ranges from 0 to 28.
Experimental memory task
We applied the experimental protocol used in our previous study with older adults with SMC (Manenti et al., 2017; Sandrini et al., 2014) . There were four sessions on four different days:
Day 1 (learning session), Day 2 (24 hours after Day 1), Day 3 (48 hours after Day 1) and Day 30 (one month from Day 1). Patients were informed about the learning phase on Day 1 and about the tDCS session on Day 2, but no information on the retrieval sessions were provided. Participants returned to the institute on Day 3 and Day 30 without expecting a memory test since when contacted for the present study the two visits on Day 3 and on Day 30 were not described as directly linked with the experimental memory procedure conducted on Day 1. See Figure 1 for a summary.
Day 1 -learning session
Twenty concrete (concreteness value >5.5), high frequency (Frequency value > 20) two-or three-syllabic words were selected (Barca, Burani, & Arduino, 2002; Bertinetto et al., 2005) . On average, the words were 6.3 (SD: 1.0) letters and 2.5 (SD: 0.5) syllables long, word frequency was 24.5 (SD: 23.2), imageability was 5.9 (SD: 0.31) and concreteness scores 6.3 (SD: 0.5).
The experimenter pulled out one item at a time at random (a word printed on piece of card) Page 9 of 32 Journal of Gerontology: Psychological Sciences from a white bag and gave it to the participants. Participants were asked to pay close attention so they could remember the words later and to place them in a blue bag when ready. When all 20 words were placed into a blue bag, the experimenter took away this bag and asked the participants to recall as many words as possible. Before the next learning trial, the words were placed in the white bag again and mixed. The procedure was repeated five times. At the end of this session participants were asked to complete a memory strategies questionnaire (Manenti, Tettamanti, Cotelli, Miniussi, & Cappa, 2010) , which comprises 12 possible strategies that can be used to enhance the learning of information. Participants rated how often they had used each strategy during the learning session using a 5-point-scale (0, never; 1, rarely; 2, sometimes; 3, often; and 4, always). The total score of this questionnaire ranges between 0 and 52.
Day 2 -reactivation and tDCS session
Twenty-four hours later, the same experimenter involved in Day 1 in the same experimental room, showed the empty blue bag and asked, "Do you remember this blue bag and what we did with it yesterday?" Participants were encouraged to describe the procedure, but were stopped if they started to recall any specific words. tDCS (Active or Sham) was applied 10 minutes after the contextual reminder cue as in previous studies (Manenti et al., 2017; Sandrini et al., 2014; Sandrini et al., 2013) . It has been shown that existing episodic memories are automatically reactivated if the original spatial context (i.e. same experimental room of Day 1) is part of the reminder (Hupbach, Hardt, Gomez, & Nadel, 2008; Sandrini et al., 2013) .
Day 3 and Day 30 -retrieval sessions
Forty-eight hours (Day 3) and one month (Day 30) after the learning session (Day 1), the experimenter asked the participants to recall the words learned during Day 1 (free recall task) and when participants could not remember any more words, the experimenter engaged the participants in an old/new recognition task that consisted in the written randomized presentation of the 20
Results
Sample characteristics
All the 18 MCI participants included in the study completed all the assessments. Overall, the participants showed isolated episodic memory impairment, as recorded by scores below cut-off according to Italian normative data (1.5 SD under performance of matched controls) in at least one of the following standardized tests: Auditory-Verbal Learning Test (Carlesimo et al., 1995) , recall of Rey-Osterrieth Complex Figure ( Caffarra, Vezzadini, Dieci, Zonato, & Venneri, 2002) or Story recall (Novelli, Papagno, Laiacona, Vallar, & Cappa, 1986 ). On the other hand, they performed in the normal range in other cognitive domains such as reasoning, visuo-constructional abilities, language and executive functions.
No differences were found between groups for demographic variables and for neuropsychological assessment. Moreover, no differences were observed between the Active and Finally, the tDCS sensations scores reported by the Active and Sham groups were similar (Active tDCS group: 1.4, SD 1.1, Sham tDCS group: 1.0, SD 0.9; U=30.0, p=0.38). Hence, there are no reasons to reject the blinded character of this study on the basis of these results. By interpreting the questionnaire completed by all subjects at the end of each type of stimulation we inferred that all the subjects tolerated the stimulation well and reported only marginal perceptual sensations. Itching and irritation were the most commonly reported perceptual sensations, with light to moderate intensity. Overall, the experienced perceptual sensations started at the beginning of the experiment and did not last long.
In summary, active tDCS enhanced recognition but not free recall relative to sham tDCS. In Figure 2 we showed the d' values from the recognition task in the Active and Sham groups at Day 3 and Day 30.
Discussion
This study shows for the first time that active tDCS applied over the PFC after a contextual reminder cue enhanced recognition memory, relative to sham tDCS, in older adults with aMCI.
Importantly, there were no differences between groups in the memory strategies and number of words correctly recalled after the last learning trial of Day 1.
Our findings also support previous work suggesting a potential facilitation effect of tDCS on memory function in MCI (Meinzer et al., 2015; Murugaraja et al., 2017; Yun et al., 2016) .
As in our previous study in older adults with SMC (Manenti et al., 2017) , the results of the current study show that recognition memory, rather than free recall, was enhanced by active tDCS.
The effect of active tDCS might be related to a facilitation of accessibility of the memory trace.
Most studies have described episodic memory impairment in MCI using both free recall and cued recall (Belleville, Sylvain-Roy, de Boysson, & Menard, 2008; Ivanoiu et al., 2005; Perri, Carlesimo, Serra, & Caltagirone, 2005; Petersen et al., 1999) . Interestingly, free recall tests have been used to diagnose the episodic memory difficulties in MCI subjects and several works have shown that free recall is systematically impaired in older adults with aMCI (Bennett, Golob, Parker, & Starr, 2006; Sarazin et al., 2007) .
A number of studies supported the hypothesis that word recall failure reflects intratrial forgetting, which refers to the decay of traces during the time between the presentation and the requested recall of an item (Tulving, 1964) . One possibility is that memory trace would be available, but not accessible for recall. A considerable body of evidence confirms that retrieval success is closely related to the number and quality of the available retrieval cues (Hunt & Smith,
Some limitations of the current study should be mentioned. First, given that our sample size was relatively small, findings reported here should be reproduced in larger cohorts before firm conclusions can be drawn. Second, because of the lack of a control stimulation site nonspecific effects of the stimulation cannot be ruled out. Third, we cannot rule out an intergroup variability in experimental memory performance because we did not test pre-tDCS recognition memory performance at Day 1.
Future work is needed to determine whether the tDCS effect on recognition could have a clinical impact, since enhanced ability to recall information would have greater impact on daily living than improved ability to recognize. Although it is still unknown whether tDCS interventions
can ameliorate episodic memory in everyday life, we believe that the evidence is sufficiently promising to merit future research.
Finally, since the effects of anodal tDCS outlast the stimulation period and share significant analogies to the synaptic phenomena of long-term potentiation (LTP) (Fritsch et al., 2010) , it is possible to hypothesize that multiple-sessions of tDCS after a contextual reminder could enhance episodic memory performance in aMCI. Previous works in healthy older subjects and in patients with neurodegenerative disease provided a framework for testing the long-term behavioral Sarazin, M., Berr, C., De Rotrou, J., Fabrigoule, C., Pasquier, F., Legrain, S...., Dubois, B. (2007) .
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